Objective: The aim of this study was to develop a presurgical magnetoencephalography (MEG) protocol to localize and lateralize expressive and receptive language function as well as verbal memory in patients with epilepsy. Two simple language tasks and a different analytical procedure were developed. Methods: Ten healthy participants and 13 epileptic patients completed two language tasks during MEG recording: a verbal memory task and a verbal fluency task. As a first step, principal component analyses (PCA) were performed on source data from the group of healthy participants to identify spatiotemporal factors that were relevant to these paradigms. Averaged source data were used to localize areas activated during each task and a laterality index (LI) was computed on an individual basis for both groups, healthy participants and patients, using sensor data. Results: PCA revealed activation in the left temporal lobe (300 ms) during the verbal memory task, and from the frontal lobe (210 ms) to the temporal lobe (500 ms) during the verbal fluency task in healthy participants. Averaged source data showed activity in the left hemisphere (250-750 ms), in Wernicke's area, for all participants. Left hemisphere dominance was demonstrated better using the verbal memory task than the verbal fluency task (F 1,19 = 4.41, p = 0.049). Cohen's kappa statistic revealed 93% agreement (k = 0.67, p = 0.002) between LIs obtained from MEG sensor data and fMRI, the IAT, electrical cortical stimulation or handedness with the verbal memory task for all participants. At 74%, agreement results for the verbal fluency task did not reach statistical significance. Significance: Analysis procedures yielded interesting findings with both tasks and localized languagerelated activation. However, based on source localization and laterality indices, the verbal memory task yielded better results in the context of the presurgical evaluation of epileptic patients. The verbal fluency task did not add any further information to the verbal memory task as regards language localization and lateralization for most patients and healthy participants that would facilitate decision making prior to surgery.
Introduction
The first line of treatment for epilepsy is pharmacotherapy (Killgore et al., 1999) . However, about 30% of patients have medically intractable epilepsy (Kwan and Brodie, 2000) , in which case surgery is often considered to remove the epileptogenic zone. Surgery can eliminate or significantly decrease seizures in 50% to 90% of cases (Smith, 2001) and is most often performed in the temporal and frontal lobes.
Epileptic patients show greater variability as regards language dominance than neurologically healthy individuals (Berl et al., 2005) . In 94% to 96% of healthy right-handers and 74% of lefthanders, the left hemisphere is dominant for language (Pujol et al., 1999; Springer et al., 1999) . In comparison, 4% to 37% of right-handed epileptic patients and 25% to 52% of left-handed or ambidextrous patients with epilepsy show right hemisphere language dominance (Helmstaedter et al., 1997; Springer et al., 1999) . Prior to some epilepsy surgeries, it is important to determine the language-dominant hemisphere and to localize language functions in order to reduce postsurgical language impairments.
The medical standard for determining the language-dominant hemisphere prior to surgical resection is the intracarotid amobarbital test (IAT) or Wada test (Wada and Rasmussen, 2007) . A major drawback of this method is that it only determines lateralization of language function and not its specific localization. Most importantly, the IAT is invasive and thus associated with risks of stroke, infection and haemorrhage (English and Davis, 2010) . Finally, alternative methods are being investigated due to the shortage of sodium amobarbital across the world (Baxendale, 2009; Jones-Gotman and Smith, 2006) .
In recent years, noninvasive neuroimaging methods have been developed to evaluate language presurgically. Functional magnetic resonance imaging (fMRI) has received the most attention as a possible replacement or alternative for the IAT, followed by magnetoencephalography (MEG). fMRI offers excellent spatial resolution and its results correlate highly with the IAT (86% in a group of 229 patients) (Janecek et al., 2013) . MEG has been found to complement fMRI findings with its temporal resolution of less than a millisecond (Frye et al., 2009; Hari et al., 2010; Stefan et al., 2011) . Moreover, MEG is completely noninvasive and can be used with children (Bowyer et al., 2005b; Breier et al., 1999 Breier et al., , 2001 Papanicolaou et al., 2004) .
MEG studies investigating receptive language and verbal memory using a word recognition task reported high concordance between MEG and the IAT (86-92%) (Breier et al., 1999 (Breier et al., , 2001 Doss et al., 2009; Maestu et al., 2002; Papanicolaou et al., 2004) and revealed, in most healthy individuals, strong left temporoparietal activation. Although fewer MEG studies have looked at expressive language tasks, high concordance between MEG and the IAT (82%) (Bowyer et al., 2005b) was found using a verb generation task that generated activations in both frontal (Breier and Papanicolaou, 2008; Fisher et al., 2008; Kamada et al., 2006) and temporal (Bowyer et al., 2005a) lobes. Thus, the word recognition task has been replicated and provides good results in the presurgical evaluation of epileptic patients. The verb generation task shows the best laterality results with regards to expressive language but can be too complex for younger children, particularly those showing cognitive difficulties associated with epilepsy. To date, there is no consensus on a battery of tests including localization of both receptive and expressive language function that can be used in the presurgical evaluation of patients.
The aim of this study was to develop a simple presurgical MEG language protocol allowing to localize and lateralize expressive and receptive language function as well as verbal memory in patients with epilepsy. To this end, two tasks were first validated in a group of healthy participants and subsequently used in a group of patients with epilepsy. A simple word recognition task (verbal memory task) provides information on receptive language, as participants have to analyze verbal information, and verbal memory, since words are committed to memory and recognized on subsequent trials. The verbal fluency task, using simple semantic categories, allows expressive language to be evaluated.
Methods

Participants
Ten healthy participants (average age: 24.9 ± 1.8; five men and five women) and 13 patients with refractory epilepsy who were surgical candidates (average age: 40.2 ± 11.1; eight men and five women) completed a language protocol during MEG recording (see Table 1 for detailed demographic and clinical data). Two patients (P4 and P8) were excluded due to significant artifacts in the MEG signal, giving a total of 11 patients included in the analyses. All participants were native French speakers. All healthy subjects were right-handed as revealed by the Edinburgh Handedness Inventory (Oldfield, 1971) . Epileptic patients showed variability with respect to handedness (eight right-handed, two left-handed, one ambidextrous) and location of epilepsy foci (eight in the temporal lobe, three in the frontal lobe; seven in the left hemisphere, four in the right hemisphere).
Language paradigms
Both tasks were carefully explained to the participants prior to the MEG data acquisition and completed during MEG recording in a randomized order.
For the verbal fluency task, participants completed a practice round to ensure they understood the instructions, since answers were to be given subvocally in the MEG. During MEG recording, participants were asked to generate one word in a given auditorily presented semantic category. A total of ten categories (body parts, animals, fruits, vegetables, colors, boys' first names, girls' first names, clothing, toys and desserts) were each presented ten times in a random order (100 trials). The duration of these stimuli varied between 0.520 and 1.390 s and a variable interstimulus interval was used (between 1.8 and 2.2 s). For the verbal memory task, an adapted version of the auditory word recognition task (Breier et al., 2001; Papanicolaou et al., 2004) was used. Participants heard 15 words from the Peabody Picture Vocabulary Test once (Dunn and Dunn, 1981) and were asked to remember them. Subsequently, six blocks of 30 words were auditorily presented (total of 180 trials), including the 15 words learned previously and 15 new words. Participants were asked to identify learned vs. new words. Manual responses were given with the dominant hand (index finger for studied word, middle finger for new word). Word duration varied between 0.349 and 1.069 s. Participants had between 2.8 and 3.2 s to respond (variable interstimulus interval) in order to avoid predictability and automatic brain responses.
Data acquisition
Prior to MEG recordings, head coils were placed on fiducial points (nasion, left and right pre-auricular) and were digitized with the head shape using a 3D digitizer (FASTRAK, Polhemus Inc., Colchestar, VA). Participants were placed in a supine position in the MEG. The position of each participant's head relative to the MEG sensors was recorded before and after each experimental session. Magnetic fields were measured (CTF MEG 275, CTF Systems) at a sampling rate of 600 Hz. Vertical and horizontal electrooculograms (EOGs) as well as electrocardiograms (ECGs) were also recorded. Auditory presentation of stimuli was done using Presentation software (Neurobehavioral Systems, Inc.) and ear inserts with tubes were used. Participants were instructed to listen attentively, remain still and look at a fixation cross.
Analysis
Preprocessing
Third-order gradient noise reduction (computed using CTF's Data Editor software) was applied to the recorded MEG signals. Further data analysis was performed with Brainstorm (Tadel et al., 2011) 1 , which is documented and freely available for download online under the GNU general public license. Artifacts caused by heartbeats and eye movements were removed using signal space projections (SSP) (Uusitalo and Ilmoniemi, 1997; Taulu et al., 2004; Tesche et al., 1995) from cardiac (heartbeats) and ocular (blinks) events identified on the ECG and EOG channels, respectively. Each channel was inspected and outliers were removed when the signal amplitude exceeded three standard deviations from the distribution of all trials. Epochs (−100 ms to 1000 ms) were segmented and baseline corrected. A band-pass filter (0.1-50 Hz) was employed. An electrophysiologist inspected the data and trials with epileptic activity were removed. Finally, all trials were averaged for each task, including all conditions (for the verbal memory task) and categories (for the verbal fluency task).
Source reconstruction
A pseudo-individual anatomy method, which consists of scaling and deforming the Colin27 MRI template (Collins et al., 1998) , using the digitized head shape and fiducial markers, was used to optimize source localization results. Head geometry proportions were therefore maintained. Individual head models were computed using the overlapping spheres method (Huang et al., 1999) which yields a set of overlapping spheres that fit the local curvature of the head in the vicinity of each sensor. The surface was tessellated with 15,028 triangles, providing adequate numerical accuracy. Source reconstruction was constrained to the cortical 1 http://neuroimage.usc.edu/brainstorm. mantle of each pseudo-individual anatomy. A noise covariance matrix was computed 100 ms prestimulus interval of each single trial to evaluate the noise level in the recording. The weighted minimum norm estimates (wMNE) (Hamalainen and Ilmoniemi, 1994; Hauk, 2004) were used for source reconstruction in Brainstorm, allowing identification of cerebral generators of language-evoked fields (250-750 ms) in order to focus on high-order processing (Burgess et al., 2011) .
Temporo-spatial principal component analysis (tsPCA)
PCA is an analysis method that can be used to explore temporal and spatial aspects of data and takes advantage of the excellent temporal resolution of MEG. It is an objective method with no a priori hypothesis whereby independent factors that best explain the variance in the data can be identified using varimax rotation. PCA was conducted on data from healthy participants to validate that both tasks induced brain activation in areas associated with language processing and to identify the main components associated with each task.
A two-step sequential PCA procedure was employed. First, individual source results were extracted at each time point from 88 regions of interest (ROIs) from the Tzourio-Mazoyer anatomical atlas (Tzourio-Mazoyer et al., 2002) . In order to identify the main components related to language processing in this group of subjects and to reduce the possibility of detecting dominant early sensory components (source activity related to N100), a temporal PCA (tPCA) (with covariance matrix; PASW Statistics 19) was conducted on all time points (150-1000 ms) of the wMNE results. After capturing variances in the time domain, spatial PCA (sPCA) (with covariance matrix; PASW Statistics 19) was conducted for each of the resultant temporal factors in order to identify the principal anatomical regions involved. Thus, PCA provides scores that reflect the source findings at specific latencies (temporal factors [TFs] that were extracted during tPCA) and at specific locations (spatial factors [SFs] that were extracted during sPCA). The number of TFs and SFs retained was determined using the scree test (Cattell, 1966) , a commonly used test to identify the point at which the slope of the curve of decreasing eigenvalues becomes flatter. Based on this test, only the factors that are located prior to this decline in slope were considered for further analysis. Factors represent weighted linear combinations of the original data. Varimax rotation was used to identify temporal and spatial factors. This is the most commonly used technique (Chapman and McCrary, 1995) , mainly with ERPs, and helps avoid temporal overlap between the different components (Pourtois et al., 2008) . We therefore looked for associations between temporal and spatial factors that were of interest given the nature of the tasks (Dien, 2012) .
Statistical group analyses
In order to explore data for both healthy participants and patients, statistical analyses were performed on wMNE data using Statistical Package for the Social Sciences, Version 19 (SPSS Inc., Chicago, IL, USA). Analysis of variance (ANOVA) was conducted using two repeated measures ANOVAs (2 × 2) to investigate the activation differences between hemispheres (left vs. right) and groups (healthy participants vs. patients). This was done for each task on the mean amplitude of MEG wMNE source localization data in Wernicke's area between 250 and 750 ms. Based on the results obtained with wMNE group averages for both healthy controls and patients (see Section 3.3), Broca's area was not included here.
Individual analyses
In order to evaluate if MEG can be used on an individual basis, laterality indices (LIs) were computed for each participant (healthy participants and patients) to determine hemispheric language dominance. After conducting source analysis on group averages, source data were first used to calculate LIs. We observed some discrepancies at the individual level between source data and what was recorded directly at the sensor level. It was therefore decided to use the sum data for sensors in the frontal and temporal lobes directly (see Fig. 1 ). First, t-tests (p < 0.05) comparing each sensor in the frontal and temporal lobes with the baseline were conducted and all sensors significantly different from baseline were kept. These sensors were used to calculate the sum of amplitude curves in absolute values for each hemisphere, for each participant. The number of time points during which the amplitude was greater in the left hemisphere compared with the right hemisphere and vice versa was calculated. Data between 250-750 ms were used in order to focus on high-order processing (Burgess et al., 2011) . LIs were calculated using the following formula: LI = (Left − Right)/(Left + Right). LI ≥ 0.10 indicates left hemisphere dominance, whereas LI ≤ −0.10 indicates right hemisphere dominance (Findlay et al., 2012; Rezaie et al., 2014; Tanaka et al., 2013) . Results between −0.10 and 0.10 indicate bilateral activation.
Cohen's kappa coefficient (Cohen, 1960) was used to assess stability between findings and to evaluate agreement levels. For the healthy participants, agreement levels were assessed between handedness and MEG, as has been done frequently in previous studies (Breier and Papanicolaou, 2008; Fisher et al., 2008; Kirveskari et al., 2006) . For the patients, MEG results were compared with available complementary presurgical clinical assessments (fMRI, IAT or electrical cortical stimulation [ECS] ). fMRI results were obtained using a syntactic decision task and a subvocal verbal fluency task (for details refer to Pelletier et al., 2011) . Language mapping by electrical cortical stimulation using bipolar stimulation of two adjacent subdural electrode contacts was performed by a neurologist for clinical purposes. In the 11 patients, MEG results were compared with fMRI (7/11), IAT (3/11) or electrical cortical stimulation (1/11). P6 is the only patient for whom ECS was used to compare MEG results. This patient was right-handed, with a left-hemisphere seizure onset. During the presurgical non-invasive evaluation, this patient had undergone a functional MRI for language which revealed bilateral activation. Subsequently, electrodes were implanted over the left hemisphere in areas suspected of epileptogenicity for seizure localization and functional mapping. Speech arrest during cortical stimulation over the left inferior frontal gyrus confirmed the involvement of the left hemisphere in language processing. We therefore decided to compare MEG results with cortical stimulation findings since these were the more direct and reliable measures available.
Results
Behavioral data
Performance on the verbal memory task was measured in each group to ensure that the participants' attention level was acceptable, that they performed the task adequately, and to see if there were any between-group differences. On average, healthy participants performed significantly better (mean success rate = 97.2% ± 2.11) than epileptic patients (mean success rate = 89.3% ± 5.43) (t(19) = 4.298, p < 0.0001). Nevertheless, all participants had an acceptable performance level (>80%).
Task validation-Temporo-spatial PCA
The three dominant temporal factors (TF01, TF02, TF03) and their associated spatial factor (SF01) are reported for each task in order to limit results to the most relevant findings. These combinations are arranged in descending order according to the amount of variance accounted for in the original wMNE.
For the verbal memory task, TF01 (66% of the variance, peak at 550 ms) was associated with SF01 (78% of the variance). Areas associated with TF01-SF01 with the largest factor loadings (>0.9) were in the left frontal and parietal lobes (paracentral lobule, middle portion of the cingulum, superior primary motor area) and reflected motor activity associated with the manual responses given with the right hand. TF02 (12% of the variance) had no clear peak and seemed to be an artifactual drift in the data. TF03 (9% of the variance, peak at 300 ms) ( Fig. 2A) was associated with SF01 (79% of the variance). Areas associated with TF03-SF01 that fulfilled the following two criteria, large factor loadings (>0.9) and close proximity, were predominantly located in the left temporal lobe (Fig. 2B and C For the verbal fluency task, TF01 (80% of the variability) did not show a clear peak and seemed to reflect a drift in the data. TF02 (8% of the variability, peak at 500 ms) (Fig. 3A) was associated with SF01 (89% of the variability). Areas associated with TF02-SF01 that fulfilled the following two criteria, large factor loadings (>0.9) and close proximity, were mostly in the left temporal lobe (Fig. 3C and D ): Heschl's gyrus (0.967), superior temporal gyrus (0.967), middle temporal gyrus (0.966), thalamus (0.952), postcentral gyrus (0.934), hippocampus (0.923), rolandic operculum (0.923). TF03 (4% of the variability, peak at 210 ms) (Fig. 3A) was associated with SF01 (65% of the variability). Areas associated with TF03-SF01 with large factor loadings (>0.9) and in close proximity were in the left frontal lobe ( In summary, frontal and temporal activations were found in response to both tasks in the group of healthy participants. More specifically, the verbal memory task evoked a temporal factor with a peak at 300 ms and an associated activation in the temporal lobe. For the verbal fluency task, an early factor (210 ms) was found with an associated frontal lobe activation, followed by a later factor (500 ms) with temporal lobe activation. Finally, activation of the hippocampus was found with both tasks.
Language localization-wMNE
Source reconstruction results were obtained with wMNE using a separate group average for each task and significance thresholds were adjusted at 50% of the peak activation amplitude. Fig. 4 shows averaged source results (wMNE) during the verbal memory task for healthy participants (Fig. 4A ) and patients (Fig. 4B) . Averaged wMNE cerebral source waveforms measured in the left (blue) and right (red) temporal areas (Wernicke's area and its right counterpart respectively) are also shown in healthy participants (Fig. 4C ) and patients (Fig. 4D ). Statistical analysis of the mean amplitude of the MEG activations showed that brain response was significantly stronger in the left temporal lobe, more specifically in Wernicke's area, than in the right temporal area in both groups for the verbal memory task (F 1,19 = 4.41, p = 0.049). No between-group differences or interactions were found. Qualitatively, bilateral activation in favor of the left hemisphere was noted in the epileptic group.
Results for the verbal fluency task are shown in Fig. 5 . As for the verbal memory task, averaged source results are located in the temporal lobe for healthy participants (Fig. 5A) and patients (Fig. 5B) . Averaged wMNE cerebral source waveforms measured in the left (blue) and right (red) temporal areas (Wernicke's area and its right counterpart, respectively) are also shown in healthy participants (Fig. 5C) and patients (Fig. 5D) . Results did not reach statistical significance when the mean amplitude of the left and right temporal lobes was compared. No between-group differences or interactions were found. Qualitatively, greater left than right hemisphere activation was observed during the verbal fluency task for healthy subjects. Table 2 presents LI results from sensor data for each task. For the verbal memory task, results showed statistically significant agreement with expected hemispheric dominance based on handedness, fMRI, IAT or ECS (k = 0.67, p = 0.002). Thus, 93% agreement was obtained between MEG findings and the other techniques used for the 21 subjects (10 healthy participants and 11 patients). More precisely, perfect (100%) agreement was obtained for the healthy participants and near-perfect (86%) agreement for the epileptic group. Three patients showed bilateral activation with one technique and right or left activation with the other. No contradictory results (left and right) were found.
Language lateralization-Individual analysis
The agreement level for the verbal fluency task (data from sensors) did not reach statistical significance (k = 0.21, p > 0.05), but findings concurred in 85% of cases in the group of healthy participants and in 64% of cases in the epileptic group, with an overall agreement of 74% for all subjects. Four patients and eight healthy participants showed left hemisphere activation with both MEG and the other language evaluation technique. Patient 2 (P2) showed bilateral activation with MEG and fMRI. Four patients and one healthy participant showed bilateral activation with one technique and left or right activation with the other. Finally, two patients and one healthy participant showed contradictory findings with right hemisphere dominance with MEG and left hemisphere dominance with the other technique.
In summary, concordance rates were greater for the verbal memory task than for the verbal fluency task in both healthy participants and patients. The verbal fluency task provided a more accurate LI for only one patient (P2). Contradictory findings between MEG and the other technique were only obtained with the verbal fluency task in two patients (P3 and P12) and one healthy participant (C3). 
R: right. L: left. B: bilateral. H: handedness. * Statistically significant result.
Discussion
Presurgical evaluation of epileptic patients may require cerebral localization or identification of hemispheric dominance for language function. Noninvasive neuroimaging methods now offer many advantages over standard invasive techniques and can be used to obtain complementary information about the localization of language areas in the brain with varying levels of spatial and temporal precision.
In this study, MEG provided reliable information regarding receptive and expressive language function as well as verbal memory. The proposed protocol is short and simple so that it can be easily used with patients with cognitive limitations or with paediatric populations. Novel analysis methods provided new insights into language localization and lateralization. However, the expressive language task did not provide any additional data for the epileptic group that would facilitate decision making prior to surgery. Thus, the verbal memory task remains the most useful task.
In addition to these two tasks, this study proposes an analysis protocol that includes PCA. The latter provided valuable information regarding the receptive and expressive language tasks and yielded three important findings. First, it was possible to identify the stronger activation latency for each task, allowing analysis methods to be refined, which is particularly important in clinical populations, as they present more brain response variability. Second, left frontal lobe activation was identified in response to the verbal fluency task with PCA. Assessing the involvement of the frontal lobe is very important in the presurgical evaluation of patients to prevent language production deficits. Frontal activation has been found less consistently with MEG (Pirmoradi et al., 2010) . More refined analysis methods are needed to be able to evaluate this aspect of language. Third, activation of the left hippocampus was found in response to both tasks, showing the role of memory while performing them: learning a list of words (verbal memory task) and retrieving words belonging to a given category (verbal fluency task). In addition to evaluating language function, the IAT provides important information concerning memory. The temporal lobes are involved in memory and assessing this function is essential to the presurgical assessment of patients, since most surgical candidates have temporal lobe epilepsy. It would therefore be very useful to obtain such information with MEG by conducting a more complete assessment of memory. The results obtained here with PCA in this regard are encouraging.
Findings were further analyzed for both healthy participants and patients at the group and individual level. As expected, at the group level, source localization identified activation in Wernicke's area in favor of the left hemisphere with the verbal memory task. The same trend was observed with the verbal fluency task, but results did not reach statistical significance. Moreover, an innovative, simple and easy way to obtain laterality information at the individual level was identified that can be of significant value in a clinical setting using data directly at the sensor level. LI findings showed greater agreement with other modalities when calculated using data from sensors directly than with traditional methods such as equivalent current dipoles or wMNE (see Supplementary material). This finding should be further explored and it will be worthwhile to try this new method on larger data sets. Agreement between MEG findings and other modalities (handedness, fMRI or ECS) was strong, although not perfect, and results were rarely contradictory. Differences between MEG data and other techniques could be due to the fact that MEG data were compared with other techniques that differed in nature and that may have elicited different cognitive functions. MEG findings were often compared with fMRI (7 of the 11 patients). As with tsPCA, MEG identifies early activation (before 750 ms post stimulus), as it looks at postsynaptic activity with high temporal resolution. On the other hand, fMRI evaluates blood oxygenation levels and provides measures with low temporal resolution. Moreover, MEG findings were also compared with IAT and ECS results. While MEG looks at many aspects of language processing, findings obtained with IAT and ECS are mostly related to speech arrest based on paralysis of motor speech in Broca's area.
Taken together, source localization data and LIs revealed decreased language laterality in our patient group with both tasks. Most patients in this study had a left temporal epileptic focus, some became epileptic at a young age, and very few were lefthanded. These factors have been found to contribute to atypical language lateralization (Berl et al., 2014) . Thus, language function reorganization might have occurred, involving greater right hemisphere activation or activation of both hemispheres for language processing. In our sample, there were not enough left-handed patients to evaluate the correlation between atypical manual dominance and abnormal language patterns. However, two patients were left-handed and showed right or bilateral cerebral activation.
Finally, this study aimed to assess both receptive and expressive language function. Although both tasks yielded interesting results, findings obtained with the verbal fluency task did not add any further information to that found with the verbal memory task that would be of value at an individual or group level for patients in the context of the presurgical evaluation of language. Data obtained on sources revealed better findings with the verbal memory task. Moreover, LI results from the verbal fluency task were only more accurate than the verbal memory task for one patient (P2). For everyone else, the verbal memory task provided better results. PCA provided interesting data with the verbal fluency task regarding the frontal lobe for healthy participants, but the same finding was not observed in later analyses.
The current study has some limitations. First, it was not possible to compare LIs obtained with MEG with the same technique for all participants, making the interpretation of data more difficult.
As done in the current study, previous work evaluating language in healthy subjects using MEG compared results with handedness (Breier and Papanicolaou, 2008; Fisher et al., 2008; Kirveskari et al., 2006) . For the patient group, most studies have compared MEG laterality findings with the IAT (Bowyer et al., 2005b; Hirata et al., 2010; Papanicolaou et al., 2004) and found high concordance rates. In this study, results were mostly compared with fMRI (7 patients), as no IAT results were available for those patients, followed by the IAT (3 patients) and ECS (1 patient). A second limitation is that our sample size was relatively small, although many MEG studies have a similar group size (Breier et al., 2001; Kim and Chung, 2008; Kober et al., 2001; Merrifield et al., 2007; Simos et al., 1998) . Third, for the verbal fluency task, responses were given covertly in order to reduce movement artifacts related to articulation. However, this procedure did not ensure that participants completed the task properly, even though a practice round was performed prior to the MEG recording to better prepare the participant to perform the task. Participants could have been asked to provide overt responses after a given time period but this would have made the procedure longer and more complex. This limitation may have contributed to the fact that findings were not as strong with the verbal fluency task as with the verbal memory task where participants provided a response. Finally, when analyzing data, we did not use individual MRIs for head model reconstruction, as they were not available for the healthy participants. Individual MRIs would have provided more precise data for source localization. However, since we adjusted the MRI template based on the each participant's head shape, each individual's head geometry was respected.
A bigger study that compares the verbal memory task-related activations obtained with MEG to the IAT (which remains the gold standard for language lateralization) is needed before confirming that the methodology used in the current study could replace other techniques for language lateralization as part of the pre-surgical evaluation of intractable epilepsy. Although based on a small sample, our results support findings obtained with a similar version of this task conducted on a larger sample (n = 100) that compared MEG to the IAT (Papanicolaou et al., 2004) . Interestingly, these results were obtained even when a much simpler way to compute LIs was used (directly from sensors).
In conclusion, as expressed in a recent article , we believe that noninvasive methods such as MEG and fMRI can be used as a first step to assess language lateralization and intrahemispheric localization. They should be interpreted in conjunction with the patient's clinical history and findings obtained through neuropsychological evaluation. If findings remain ambiguous and this ambiguity is not resolved even after repeating these approaches, the IAT and ECS should be performed. Finally, it could be argued that electroencephalography (EEG) is a less costly and more accessible method. However, EEG results have not been found to be reliable for determining language dominance in individual patients (Abou-Khalil, 2007) . The main advantage of MEG compared with EEG is that the magnetic signal is less likely to be distorted than the electrical signal (Hari et al., 2010) allowing for better lateralization and localization of language. Methodological advances involving new analysis methods and the use of other techniques for the presurgical assessment of language (for example, NIRS) as well as studies with large samples will strengthen the clinical potential of these new techniques for use on an individual basis.
